INTRODUCTION
morphological data (Ashton, 1982) . The first molecular phylogeny of Dipterocarpaceae was published by Tsumura et al. (1996) . Several other phylogenetic studies on Dipterocarpaceae, including some Sri Lankan species, have also been carried out Morton et al., 1999) . However, there is no comprehensive study addressing the relationship of Sri Lankan Dipterocarpaceae with other Asian species and little is known about the origin of Sri Lankan Dipterocarpaceae.
One possibility is that they came from India to which Sri Lanka was geographically attached in the past. The other possibility is that after originating in South Africa (Gondwanan origin), Dipterocarpaceae spread to the Indo-Sri Lanka region and then to the Malaysian region. The high level of local endemism of the extant Sri Lankan species may be due to divergence caused by isolation.
Non-coding regions of cpDNA are expected to display the highest frequency of mutations and provide the more informative characters for phylogeny reconstruction and allow for the better resolution among closely related taxa (Wang, 1992 and references therein). However , Wang et al. (1999) reported that non-coding sequences in Pinus do not evolve faster than coding sequences. The non-recombinant character of cpDNA is the another advantage in using cpDNA in phylogenetic studies. The main objective of this study was to provide first information about the phylogenetic relationship of Sri Lankan Dipterocarpaceae with other Asian Dipterocarpaceae based on nucleotide sequences of two non-coding sequences: trnL-trnF spacer and trnL intron of chloroplast DNA. Another goal of our study was to ascertain the validity of the classification of many Sri Lankan Shorea species as a separate Shorea section: Doona proposed by Ashton (1972) and Ashton (1977) or as a separate genus: Doona proposed by Kostermans (1978) and Kostermans (1992) . Previous molecular phylogenetic studies on Dipterocarpaceae based on chloroplast DNA data included either few or no Sri Lankan species Dayanandan et al., 1999; Morton et al., 1999) . In this study we included 27 endemic species from Sri Lanka.
MATERIALS AND METHODS

Materials
Leaf samples from 27 Dipterocarpaceae species were collected mainly from 8 locations in Sri Lanka; Kanneliya, Kottawa, Deniyaya, Mulatiyana, Wilpita, Gilimale, Bambarabotuwa and Peradeniya. They were cut into small pieces and preserved on silica gel in plastic bags. Identification of collected species was done by referring to the specimens deposited in the National Herbarium at the Royal Botanical Garden in Peradeniya, Sri Lanka with the assistance of a taxonomist, Jayasuriya, M. Ten samples were collected from Malaysia and identified by comparing them to herbarium specimens deposited in the laboratory of Lambir Hills National Park. Samples from Vateriopsis seychellarum and Monotes madagascariensis were obtained from Seychelles and Madagascar respectively. In addition, nucleotide sequences of trnL-trnF spacer and trnL intron for 50 Dipterocarpaceae species from Malaysia and Thailand described by Kamiya et al. (1998) and Kajita et al. (1998) were used. 
DNA extraction
Total DNA isolation was carried out using the hexadecyltrimethyl ammonium bromide (CTAB) method (Doyle & Doyle, 1987) , with few modifications. 25-50mg of dried leaves were ground in liquid nitrogen and suspended in 600µl pre-warmed (60 ) 2 X CTAB buffer (2% CTAB, 10mM Tris-HCl pH 8.0, 20mM EDTA pH 8.0, 1.4M NaCl, 1% polyvinylpyrrolidone 0.2%-mercaptoethanol). The mixture was then incubated at 65 for 1-2 hours. Subsequently, 200µl of sodium acetate (3M) was added and the mixture was kept at 20 for 15 minutes. Equal volume of 24: 1 chloroform-isoamyl alcohol (CIA) was added and mixed by inverting tubes for 10 minutes. Following centrifugation at 13,000 rpm for 10 minutes, the lysate was transferred to new tubes. The lysate was treated with 2.5µl RNAse (10mg/ml) and incubated for 30 minutes at 37 . An equal volume of CIA was added, mixed, centrifuged and the aqueous layer was transferred to a new tube. DNA was precipitated by adding two thirds of ice-cold isopropanol and incubating for 15 minutes at 4 . Subsequently the DNA pellet was washed with 70% ethanol three times and resuspended in 100µl of TE buffer (10mM Tris-Hcl pH 8.0, 1mM EDTA pH 8.0). DNA from some species was extracted using FastDNA Kit (Bio 101 Systems) under manufacturer's instructions using the FastPrep instrument. Kajita et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kajita et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kajita et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kubah National Park, Malayasia Frim Arboretum, Malayasia Semengoh Arboretum, Malayasia Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Royal Kajita et al. 1998 Kajita et al. 1998 Kajita et al. 1998 Kamiya et al. 1998 Kajita et al. 1998 Kajita et al. 1998 Kamiya et al. 1998 Kamiya et al. 1998 Kottawa Forest, Sri Lanka Kamiya et al. 1998 Table 1. Dipterocarpaceae species included in this study and their source.
PCR and Sequencing
PCR amplification of the intergenic spacer between trnL (UAA) 3' and trnF (GAA) 5' and trnL (UAA) intron region was performed. The universal primer pairs for spacer and intron were primer "e" (5'-GGTTCAAGTCCCTCTATCCC-3'), primer "f" (5'-ATTTGAACTGGTGACACGAG-3') and primer "c" (5'-CGAAATCGGTAGACGCTACG-3'), primer "d" (5'-GGGGATAGAGGGACTTGAAC-3') respectively (Taberlet et al., 1991) . The PCR mixture was added to the volume of 50µl
containing 50-100ng DNA template, 50mM KCl, 10mM Tris-HCl pH 8.3, 1.5mM MgCl 2 , 2.5 pmol of each primer and 200 µmol/ L each of dATP, dGTP, dCTP and dTTP (AmershamBioscience, USA) and 1 unit of Taq polymerase. Amplification was carried out after denaturing the DNA at 94 for 3 minutes followed by 30 cycles of 1 minute 94 , 1 minute at 55 for annealing, 2 minutes at 72 , and ending with another 7 minutes at 72 for extension in PTC 100 TM programmable Thermal Controller (MJ Research Inc. USA) PCR products were purified using QIAGEN Kit (MiniElute PCR Purification Kit) following manufacturer's instructions.
Sequencing reactions were carried out using the BigDye TM Terminator v3.0 Cycle Sequencing Ready Reaction Kit (Applied Biosystems) following the manufacturer's instruction. Purified sequence reaction products were directly sequenced using the ABI Prism 3100 Genetic Analyzer (Applied Biosystems). Each sample was sequenced for each region twice. The sequences were determined in both directions. Sequencing primers were the same as those used as PCR primers.
Data analyses
For each region, both strands of sequenced DNA fragments were checked and corrections were done manually using the Sequence Navigator software. Sequences for trnL-trnF spacer and trnL intron regions were aligned individually using the ClustalX program (Thompson et al., 1997) and then combined. The aligned sequences were further corrected manually using BioEdit computer software (Hall, 1999) . Phylogenetic analyses for the combined data set were performed using the neighbor-joining (NJ) method (Saitou & Nei, 1987) using the ClustalX program (Thompson et al., 1997) . All alignment gaps were excluded from the analysis. Monotes madagascariensis from the subfamily Monotoideae was used as the out-group species, because of its close relation to Asian Dipterocarpaceae as suggested by wood anatomical characters (Gotwald & Parameswaran, 1966; Kostermans, 1985) and phylogenetic analysis based on rbcL data . Kimura's two-parameter distance (Kimura, 1980) was used as a distance measure. The level of support for branches of the NJ tree was determined using the bootstrap method (Felsenstein, 1985) based on 1000 replicates. The nucleotide composition was analyzed using the DAMBE software (Xia & Xie, 2001) . (Kostermans, 1992) 
RESULTS AND DISCUSSION
In this study, we used DNA sequences from the chloroplast DNA non-coding regions of trnL-trnF spacer and trnL intron, which have been often used in plant phylogenetic studies Kamiya et al., 1998; Kusumi et al., 2000) .
The length of sequences obtained in this study ranged from 392 to 414 bp for the trnL-trnF intron region and from 450
to 516 bp for the trnL intron region. After alignment of combined sequences, the total length was 890 bp. The average nucleotide composition for the combined data set was (A) 0.359, (C) 0.177, (G) 0.148 and (T) 0.317. Sequences had more As and Ts relative to Cs and Gs, which is a typical feature for noncoding DNA sequences (Conny & Mark, 2001) . The total number of polymorphic sites was 155, excluding gaps. Eighty-three sites were phylogenetically informative. There were several indels ranging from 5 bp (in Cotylelobium) to 85 bp ( The NJ tree based on the combined sequences of the trnL-trnF intergenic spacer (IGS) region and trnL intron is presented in Fig. 1 . The topology of the tree is, to some extent, consistent with the current taxonomy of Dipterocarpaceae (Ashton, 1982) . However, the bootstrap (BT) values based on 1000 replicates were not high enough to support most of the nodes in the tree. Our present results indicate that Monotes madagascariensis is more suitable as an out-group for studying Asian Dipterocarpaceae than Tilia kiusiana, which was used by Kajita et al. (1998) value was not so high for this clade (75%). The observed monophyly of these genera is in agreement with previous studies . Cotylelobium species branched out first and formed a monophyletic group. Next to Cotylelobium, was Stemonoporus forming a monophyletic group, which was supported by a relatively high BT value (89%). Monophyly of this Sri Lankan endemic genus was also supported by phylogenetic analysis based on rbcL data . On the basis of comparative morphology, Stemonoporus was considered to be one of the most archaic genera of the Asian subfamily Dipterocarpoideae (Ashton & Gunatilleke, 1987) . Separate placement of Stemonoporus is also consistent with its unique morphological features, such as peculiar anthers with apical dehiscence and apical leaf traces, which separate from the central vascular cylinder well before the node (Ashton, 1982; Kostermans, 1992) . A lack of wing-like sepals and seed dormancy (Kostermans, 1992) Hopea, Parashorea and Shorea (BT 85%). The monophyly of the above genera was also reported in previous phylogenetic analysis . In this group, Dipterocarpus was the first to diverge and formed a distinct monophyletic clade with a 100% BT value. Four Sri Lankan endemic Dipterocarpus species; D. hispidus, D. zeylanicus, D. glandulosus and D.
insignis formed a separate group in the Dipterocarpus cluster (BT 67%).
The next well-supported clade was Dryobalanops with a 100% BT value. Our result regarding the phylogenetic placement of Dryobalanops is similar to that obtained by Kajita et al. (1998) and Kamiya et al. (1998) . Ashton (1979) 
trnL-trnF trnL
Dryobalanops in the tribe Shoreae due to the presence of connate petals. In addition, the presence of solitary vessels (Gotwald & Parameswaran, 1966) and the chromosome number (seven) (Jong & Kaur, 1979) suggest the affinity of Dryobalanops to the tribe Shoreae. However, Maury (1979) placed it in the tribe Dipterocarpeae based on the presence of valvate fruit sepals (Phylogenetic relationship of these two tribes will be discussed later). Our results supported the placement proposed by Ashton (1979) . A more detailed analysis is necessary for further resolving the phylogenetic position of this genus.
The relationships for the remaining genera: Shorea, Hopea, Neobalanocarpus and Parashorea, were not clear. Hopea, Neobalanocarpus and Parashorea formed independent clades in the Shorea cluster. Shorea species formed several independent groups. The division of Shorea species into several monophyletic groups is in agreement with the classification by Symington (1943) based on wood anatomy. Symington (1943) Ashton (1972) and Ashton (1977) . Kostermans (1978 ), Kostermans (1982 and Kostermans (1984) placed them in a separate genus Doona. Our present results confirm the separate character of these Shorea species from the other Sri Lankan Shorea species such as S. stipularis and S. paliscens, which were grouped with other Shorea species from Thailand and Malaysia. However, comparative studies based on morphological and molecular data will be important in order to obtain more reliable information for the precise classification of Sri Lankan Shorea species.
The remaining Sri Lankan Shorea species, S. stipularis, which belongs to the Anthoshorea section, grouped with other Anthoshorea species in the White Meranti group, while S. pallescens was grouped with the Selangan Batu group (Fig. 1) . .
Hopea species and Neobalanocarpus heimii formed a monophyletic clade in the Shorea cluster (BT 91%). Inclusion of the genus Hopea in the Shorea cluster was also observed in other studies (Tsumura et al., 1996; Kamiya et al., 1998; Dayanandan et al., 1999) . There is only a single floral character difference between Hopea and Shorea. In Hopea, two outer sepals exist and they are slightly or markedly thicker than the inner three and develop into wings in the fruit. In Shorea, three outer sepals exist and they are thicker than the inner two and normally develop into large wings (or lobs) in the fruit (Ashton, 1982) .
Thus, we think that they could be combined into a single genus either Shorea or Hopea. Further evaluation using morphological and molecular biological data is important for the classification of Hopea and Shorea.
Neobalanocarpus was sister to Hopea (BT 91%). A close relationship between Hopea and Neobalanocarpus was also suggested based on morphological similarities (Bate-Smith & Whitemore, 1959; Whitemore, 1962; Parameswaran & Gotwald, 1979) . Neobalanocarpus has a close affinity with Doona based on wood anatomy (Parameswaran and Gotwald, 1979) .
Floral characters such as diurnal anthesis and stamen structure of Neobalanocarpus also show its similarity to Doona . In the Hopea cluster Sri Lankan Hopea species H. discolor, H. jucunda and H. jucunda ssp. modesta were grouped together and showed less differentiation than the other Asian Hopea species. Parashorea was sister to two Shorea species S. rubra and S. ovalis clade.
The topology of this study's tree is also in agreement with the relationships based on the chromosome numbers: n = 11, tribe Dipterocarpeae; n = 7, tribe Shoreae (Jong & Kaur, 1979 Unfortunately, the confidence level to support the nodes of this study's NJ tree was not high enough to explain the phylogeny among all genera of Dipterocarpaceae. However, it seems that the tree topology showed much of the phylogenetic relationship between Sri Lankan Dipterocarpaceae and other members of the family. Except for two Shorea species, all other Sri Lankan species formed separate independent groups. This suggests some divergence between Sri Lankan Dipterocarpaceae and other species. To obtain a more refined phylogeny and evolutionary history of Sri Lankan Dipterocarpaceae, additional sequence data are necessary. Here we did not include species from India to which Sri Lanka was attached geographically over 35 million years ago. So Sri Lankan and Indian Dipterocarpaceae species may be more closely related than Sri Lankan and other south Asian species. Therefore, it will be necessary to include them in future studies as well.
